As one of the essential components of traditional Chinese medicine, acupuncture has been accepted world-widely for its effectiveness in treating various disease and health conditions. Pain management is one of the least controversial therapeutic benefits of acupuncture treatment. To date, the mechanism underlying acupuncture analgesia remains poorly understood. In this review, roles of members of GABAergic neurotransmission system which has long been related to pain perception and modulation, in acupuncture analgesia are discussed.
dians, promote the circulation of Qi and Xue, and maintain the Yin and Yang in harmony, which eventually alleviates different symptoms. Up to date, however, it is still difficult to define the terms, such as Qi, meridian or acupoint, using established concepts of mainstream Western medicine. TCM theories endowed acupuncture with mysteriousness, but also held back the recognition and attractiveness of this technique. The TCM communities, therefore, are putting numerous efforts to explore the mechanisms underlying acupuncture and describe that with unambiguous scientific concepts. Such interpretation will not only increase the attractiveness of acupuncture to those in need, also improve this ancient technique.
Over the past several decades, experimental biologists, chemists, biophysicists and physiologists have begun to unravel the mystery of acupuncture mechanisms. Since pain relief is one of the well-accepted therapeutic benefits of acupuncture treatment, numerous efforts have been made to elucidate the mechanisms underlying acupuncture analgesia. As is well known, pain perception and modulation is a sophisticated process participated by both the glutamatergic and the GABAergic systems [10] [11] [12] . Hence, involvement of these neuronal systems has been considered as a possible mechanism of acupuncture analgesia [13] [14] . In this review, progresses in unravelling mechanisms of GABAergic neurotransmission system involved in acupuncture analgesia will be discussed.
Acupuncture Analgesia
The International Association for the Study of Pain (IASP) defines pain as "an unpleasant sensory and emotional experience associated with actual or potential tissue damage, or described in terms of such damage". Oftentimes, pain indicates the "actual or potential tissue damage" and thus serves as an alert, which motivates the individual to look for and take care of the cause of the damage.
Under some pathological conditions, however, paingoes on for weeks, months or even years, and dramatically reduces life quality of patients. Hence, pain management has long been an important branch of medicine, which aims at easing the intensity of pain or unpleasantness.
Drugs such as analgesics and anxiolytics are commonly employed by physicians to achieve pain relief. Those drugs, while very effective, oftentimes have undesired side effects including nausea, vomiting and addiction. Therefore, non-pharmacologic therapies with less adverse effects, such as application of ice/heat, acupuncture and massage, are often utilized for pain management. (https://nccih.nih.gov/health/acupuncture/introduction), acupuncture may help ease types of pain that are often chronic such as low-back pain, neck pain, and osteoarthritis/knee pain. It also may help reducing the frequency of tension headaches and prevent migraine headaches. Therefore, more and more people suffering from pain, especially these types of chronic pain, are advised to consider using acupuncture as an alternative treatment. Meanwhile, numerous ef-forts are being made to unravel the mechanisms underlying acupuncture analgesia [15] .
GABAergic Neurotransmission System & Pain
Gamma-aminobutyric acid (GABA) is a non-proteinogenic amino acid acting as the predominant inhibitory neurotransmitter in the adult mammalian central nervous system (CNS). Figure 1 illustrates the produce, release, action and reuptake of GABA at atypical GABAergic synapse in adult mouse CNS. GABA are synthesized and stored in vesicles in the presynaptic neurons at resting state.
When the action potential arrives at the presynaptic nerve ending, voltage-de- Transgenic mice with overexpressed GABA transporter 1 (GAT1) exhibited significant hyperalgesia after nociceptive stimuli [25] , while GAT1 knockout mice
show markedly increased pain threshold [26] . Both of those two genetically modified animal models confirmed that GAT1 plays a vital role in pain modulation.
GABAergic Neurotransmission System & Acupuncture Analgesia
As soon as people became aware of the necessity of translating the terms of TCM into modern concepts of medicine, exploring the role of the GABAergic neurotransmission system in acupuncture-induced analgesia became a promising starting point for understanding the underlying mechanisms of AA.
Role of GABA in AA
Since GABA itself has been recognizedas a natural painkiller, researchers have been applying this molecule at the central nerve structures that participate in pain modulation to examine its role in AA. Gao et al. [27] reported thatapplying electro-acupuncture (EA) at "Zusanli" (ST36) and "Huantiao" (GB 30) acupoints can inhibit the responses of most periaqueductal gray (PAG) neurons evoked by noxious stimulation. Such acupuncture effect, however, abolished when GABA was topically administrated on frontal cortex. Those observations are probably among the earliest which suggested the involvement of GABAergic transmission in AA.
Yan and colleagues [28] investigated the analgesia effect of EA on rats with neuropathic pain, and its underlying mechanisms. They compared the changes of neurotransmitter contents in the lumbar spinal cord of control and chronic constrictive injury (CCI) model, before and after EA treatment. Performing EA at "Huantiao" (GB 30) and "Weizhong" (BL 40) significantly reduced the release of excitatory amino acid, but increased the release of inhibitory neurotransmitter, especially GABA. Hence, increased GABAergic activity may closely be asso-ciated with the observed pain relief in CCI rats.
Role of GABA Receptors in AA
There are two classes of GABA receptors, the ionotropic GABA A receptors and the metabotropic GABA B receptors. GABA A receptors are ligand-gated ion channels composed of five subunits, likely two α, one β and two γ subunits. Those subunits are assembled so that a channel is formed at the center of the complex [29] . Binding of GABA or GABA-like molecules to the GABA A receptor can trigger the temporarily opening of the channel, which allows the inward flow of chloride ions (Cl − ), and thus decreases the excitability of the postsynaptic neuron. GABA B receptors [30] Brain region-specific alteration in GABAR subunit expression was attributed to AA effects by Gao and the colleagues [33] . It was reported that EA treatment Involvement of GABARs in AA was often indirectly tested by the effects of GABAR agonists and antagonists on acupuncture-induced analgesia. Locally applied bicuculline, a GABA A receptor-selective antagonist, was found to reduce the EA-induced enhancement of presynaptic depolarization of primary C-afferents [34] . Silva et al. [35] discovered that the duration of both low (2-Hz) and high frequency (100-Hz) EA induced analgesia (EAIA) based on mechanisms that involve spinal GABA A and GABA B receptors. In particular, the GABA B receptor is involved in the intensity of 100-Hz EA-induced analgesia. Later on, the same group also found that 2-Hz EAIA utilizes GABA A mechanism in the dorsal anterior pretectal nucleus (dAPtN), a midbrain structure participates in antinociception [36] [37]. On the contrary, pre-administration of diazepam, an α1-subunit specific agonist of GABA A receptor, can disinhibit EA-induced inhibition of GABAergic activity in the thalamus and pons-medulla regions [38] [39].
Role of GABA Transporters in AA (Including Role of DOR in AA in This Part)
GABAergic neurotransmission is a fast synaptic transmission, which requires a precise control of the timing of GABA release, GABA receptor activation, and GABA clearance from synaptic cleft as well. Apart from diffusion, GABA clear-ance from the extracellular space relies mainly on rapid uptake, which accomplished by the GABA transporterslocalized to presynaptic nerve terminals and surrounding glia. GABA transporters belong to a large family of sodium-and chloride-dependent transporter proteins. To date, four transporters with varying affinities for GABA (termed GAT1, GAT2, GAT3 and BGT1) have been identified in mammalian CNS [40] - [45] . GAT1, the most abundant transporter, contributes 75% -80% of GABA uptake and plays a crucial role in maintaining low and non-toxic extracellular GABA concentration, and thus the fine tuning of GABAergic neurotransmission [46] .
Malfunction of GAT1 has been related to altered pain threshold in genetically modified mice [25] significantly reduced the number of functional GAT1, the rate of GABA uptake and GAT1-mediated current. Besides, rats chronically treated with morphine exhibited reduced GABA uptake, as well as GAT1-mediated current. Therefore, it is quite likely that the regulation of GAT1 activity by DOR stimulation participates in AA as well. A preliminary study in our lab shows that EA treatment may down-regulate the elevated GAT1 expression level in the spinal cord of chronic constriction injury (CCI) mice.
Conclusion
The current research supports the view that acupuncture treatment may help to achieve satisfactorily analgesia. In contrast to pharmacological treatment, acupuncture may minimize unwanted side effects. Understanding the mechanisms of acupuncture-induced analgesia will not only encourage more people suffering from pain to try and benefit from acupuncture treatment, also help developing 
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